Background: Emergency upper gastrointestinal bleeding is a common condition with high mortality. Most patients undergo oesophagogastroduodenoscopy (OGD), but no universally agreed approach exists to the type of airway management required during the procedure. We aimed to compare anaesthesia care with tracheal intubation (TI group) and without airway instrumentation (monitored anaesthesia care, MAC group) during emergency OGD. Methods: This was a prospective, nationwide, population-based cohort study during 2006-13. Emergency OGDs performed under anaesthesia care were included. End points were 90 day mortality ( primary) and length of stay in hospital (secondary). Associations between exposure and outcomes were assessed in logistic and linear regression models, adjusted for the following potential confounders: shock at admission, level of anaesthetic expertise present, ASA score, Charlson comorbidity index score, BMI, age, sex, alcohol use, referral origin (home or in-hospital), Forrest classification, ulcer localization, and postoperative care. Results: The study group comprised 3580 patients under anaesthesia care: 2101 (59%) for the TI group and 1479 (41%) for the MAC group. During the first 90 days after OGD, 18.9% in the TI group and 18.4% in the MAC group died, crude odds ratio=1.03 [95% confidence interval (CI)=0.87-1.23, P=0.701], adjusted odds ratio=0.95 (95% CI=0.79-1.15, P=0.590). Patients in the TI group stayed slightly longer in hospital ), P=0.108 in adjusted analysis].
Editor′s key points
• In patients undergoing emergency oesophagogastroduodenoscopy for upper gastrointestinal bleeding, no universally agreed approach exists to the type of airway management required.
• In a large prospective, population-based cohort study, the incidence of 90-day mortality and length of hospital stay was compared between patients undergoing anaesthesia care with tracheal intubation and those without airway instrumentation (monitored anaesthesia care).
• There were no significant differences in 90-day mortality and length of hospital stay, between patients who received anaesthesia care with and without tracheal intubation.
Emergency upper gastrointestinal bleeding is a common medical condition, with a 30 day mortality of 10%. 1 2 Bleeding from peptic ulcers accounts for 36-46% of all upper gastrointestinal bleeding, 3 4 with an annual incidence of hospitalization as a result of peptic ulcer bleeding of 19-57 per 100 000 persons. 2 5 6 Most of these patients undergo oesophagogastroduodenoscopy (OGD), but no universally agreed approach exists to the level of monitoring and type of airway management required during the procedure. 7 The choice lies between anaesthesia care with tracheal intubation (TI) and anaesthesia care without airway instrumentation (monitored anaesthesia care; MAC), most often accompanied by light sedation of the patient. The former requires a higher level of anaesthetic expertise and might lead to circulatory collapse in haemodynamically unstable patients, while the latter carries a higher risk of pulmonary aspiration, with consequences ranging from mild aspiration without symptoms to death. [8] [9] [10] Recent studies have documented that medical comorbidity contributes considerably to peptic ulcer bleeding mortality, 11 and per-and postendoscopic measures that could prevent medical complications may be important to lower peptic ulcer bleeding mortality. Thus, choosing the right monitoring level is a question of concern to both surgeons and anaesthetists. Three small observational studies, including a total of 380 patients, have compared TI with MAC in patients with upper gastrointestinal bleeding. [12] [13] [14] However, all three studies are hampered by the limited sample size, the retrospective design and the singlecentre design, all of which increase the risk of bias. 15 Additional evidence is needed to guide us in choosing the appropriate method of airway management. Better knowledge about risks and benefits concerning airway management in patients with upper gastrointestinal bleeding could be translated into better prognosis for the patients and might, at the same time, save time and money in the health-care system. The aim of the present populationbased cohort study was to assess whether airway protection with TI during emergency OGD for peptic ulcer bleeding is associated with reduced 90 day mortality and length of stay in hospital.
Methods

Design and approval
This nationwide, population-based cohort study with consecutive inclusion and prospective data collection was approved by 18 19 Organization of anaesthetic care for oesophagogastroduodenoscopy in Denmark
Danish nurse anaesthetists work under direct or indirect supervision of a resident or an attending (specialist) anaesthetist, and they are all able to perform TI. Hence, while the nurse may be the only anaesthetist present in the endoscopy room, he or she will always be able to call for assistance from the anaesthetist if needed. Likewise, resident anaesthetists also have the opportunity to call for assistance from the specialist. Emergency care takes place in the public health-care system only, and involvement of anaesthetists in emergency OGDs is a clinical decision taken by the endoscopist and is not a question of potential extra cost.
Data sources
Danish Civil Registration System
The Danish Civil Registration System is maintained by the Danish government, which since 1968 has assigned a unique personal identification number (the CPR number) to all Danish citizens. 18 
Variables
From the Danish Anaesthesia Database, we retrieved data on: CPR number; type of airway management (TI or MAC); ASA score (I-V); BMI; weekly alcohol intake (within/above national recommendations); and highest grade of anaesthetist present (specialist anaesthetist yes/no). From the Danish Clinical Register of Emergency Surgery we retrieved data on: CPR number; age (in yr); referral origin (home or in-hospital); shock on admission (systolic blood pressure <100 mm Hg and heart rate >100 beats min −1 ); Forrest classification (I-III); 26 endoscopic treatment provided; and ulcer site (duodenal/gastric). From the Danish National Patient Registry, we retrieved data on: CPR number; Charlson comorbidity index score; [27] [28] [29] and postoperative length of hospital stay irrespective of intra-or inter-hospital transfers. The Charlson comorbidity index score was calculated from the discharge ICD-8 and ICD-10 diagnostic codes registered in all inpatient and outpatient hospital visits from 1977 until the index OGD. 30 From the Danish Civil Registration System we retrieved data on: CPR number; sex (male/female); and dates of death and emigration. The Charlson comorbidity index was developed to classify comorbid conditions that alter the risk for 1 yr mortality after hospitalization in longitudinal studies. [27] [28] [29] The Charlson comorbidity index includes 19 disease categories and has been adapted and validated for use with hospital discharge data in ICD databases for the prediction of short-and long-term mortality. The Forrest classification is a classification of upper gastrointestinal haemorrhage as observed by the endoscopist, 26 ranging from 'active bleed' (type I) over 'recent bleed' (type II) to 'lesion without bleeding' (type III).
Exposure and outcome measures
Exposure was airway protection with TI. This was compared with MAC, performed without airway instrumentation. The primary outcome measure was 90 day mortality from any cause. The secondary outcome measure was hospital length of stay, defined in line with the European Community Health Indicators Monitoring as nights spent in hospital from admission to discharge or death. 31 Different from the European Community Health Indicators Monitoring, we counted direct transfers to another hospital as continuation of hospitalization, simply because we had sufficient data to do so.
Statistical analysis and study size 
Missing data
The proportion of complete patient records with no baseline or clinical characteristics missing was 84.1%, and up to 4.0% of values were missing for any single variable. The prevalence and pattern of missing values in the patient cohort were evaluated, 33 34 and the data were found not to be missing completely at random (Little's test, P=0.0013). Consequently, multiple imputation for the missing values was performed 35 before building the regression models.
Sensitivity analyses
We performed an additional analysis of 90 day mortality excluding patients who were registered in the Danish National Patient Registry with an OGD between 1977 and 2006, thus ensuring a population for whom the emergency OGD was presumably their first-ever OGD. In another sensitivity model, we used 30 day mortality and in-hospital mortality as outcomes.
Power
After constructing the largest possible data set from the four registries, we conducted an analysis of the study power. With a binary response variable, a total sample size of 3600, a 3:2 ratio between exposure groups, β=0.80, α=0.05, and an 18.5% risk of the primary end point in the control group, the study was powered to detect ORs of >1.27 or <0.77, corresponding to a primary end point risk in the exposure group of >22.4 or <15.0%. 36 37 Results 
Baseline characteristics
Discussion
In this population-based cohort study, we compared anaesthesia care with tracheal intubation vs anaesthesia care without airway instrumentation in 3580 patients undergoing OGD for peptic ulcer bleeding and were not able to detect a difference in 90 day mortality or length of stay in hospital. The present study is much larger than the three previously published studies. [12] [13] [14] Other comparative strengths were the prospectively collected data, lowering the chance of information bias, and the definition of the population of interest as all cases within a geographical area as opposed to a single-centre design, lowering the chance of selection bias. Rudolph and colleagues 14 (n=220) found a significantly higher risk of in-hospital cardiopulmonary arrest in intensive care unit patients with upper gastrointestinal bleeding who were not intubated, compared with TI, but no difference in mortality or length of stay in hospital. Koch and colleagues 13 (n=62) and Rehman and colleagues 12 (n=98) were not able to detect any clinically or statistically relevant difference between TI and MAC in patients with variceal haemorrhage and upper gastrointestinal bleeding, respectively. Only one other study used adjusted analyses to control for confounding. 12 The estimates of length of stay in hospital were similar (7.63-8.16 vs 5.9-12.5 days), and none of the three previous studies found a significant difference in length of stay in hospital between TI and MAC. Our crude in-hospital mortality was 8.5% in the MAC group and 11.3% in the TI group, with estimates in the other studies ranging from 5 to 21%. Finally, our confounder control was more comprehensive than in any of the other studies, although not complete. By providing a solid assessment of morbidity and mortality associated with two different types of airway management during emergency OGD for peptic ulcer bleeding, our study adds information to a question of great concern to endoscopists and anaesthetists in many countries. With its observational design and the null result, the study is unlikely to change clinical practice immediately. However, being a large observational study, it can be used as a basis for designing a good clinical trial that can give us further knowledge on the subject.
The main strength of our study was the availability of nationwide data, which were collected prospectively and unbiased with regard to knowledge of the study protocol. The high proportion of peptic ulcer bleedings reported to the Danish Clinical Register of Emergency Surgery database ensured a geographically almost complete registry with minimal selection bias. 2 The unique personal identifier made it possible to combine multiple registries, allowing us to adjust for a large number of known potential confounders. The high data completeness of the clinical registries made these variables available for most study subjects. Finally, the administrative databases allowed tracking of deaths after discharge and transfers between hospitals, and tracking backwards in time to obtain detailed past medical history. Our study had a number of limitations. Mainly, the study was prone to confounding by indication, because the allocation to exposure groups was a decision made by the clinical staff. Many of the patient characteristics were indeed confounders when tested in bivariate analyses (data not shown), and they were included in the adjusted models to reduce the influence of confounding on the risk estimates. In addition, we added the variable 'specialist in anaesthesiology present'. Supposing that the specialist would either be present from the beginning in high-risk patients or be called upon during the procedure in case of unexpected v. proton pump-inhibitor treatment that is standard of care for patients with high-risk ulcers keeps these patients in hospital for at least 3 days after the OGD and could have contributed to the slightly longer length of stay in hospital among patients in the TI group. Missing data and misclassification of exposure, outcome, or of any variable could have biased our results. Variables most prone to this were those that had to be collected partly or wholly by patient interview (i.e. alcohol intake and ASA score), exposing them to potential recall bias or maybe unwillingness to reveal the truth. The registered level/score would be lower than the true level/score and could have caused bias in any direction. The Charlson comorbidity index score was based on prospectively collected data in the Danish National Patient Registry, and all other variables, including the exposure, were registered in the Danish Anaesthesia Database, the Danish Clinical Register of Emergency Surgery, or both during or immediately after the OGD. Mortality and length of stay in hospital were collected from national administrative databases that are known for their quality and completeness. 24 Less than 1% was lost to follow-up, and no more than 4% of data were missing from any variable, and we assume that any information bias caused by this would be very modest. We did not assess pulmonary aspiration or haemodynamic instability as separate outcomes. Mortality and length of stay in hospital should detect any substantially increased mortality or morbidity caused by these two intermediary variables. In addition, the validity of a pulmonary aspiration variable would most probably be low, as a result of difficulties in diagnosing the condition and the lack of a universally agreed definition. 38 We did find a difference in crude in-hospital mortality, but this measure is easily biased because different postoperative management and discharge criteria (e.g. for younger and older persons) can influence the outcome. 39 Our access to vital statistics after discharge allowed us to compare fixed-time (90 day) mortality, which is a better and more comparable effect measure than in-hospital mortality. A question which the present study cannot inform us on is whether anaesthesia care is necessary to optimize outcome. 40 Many OGDs are performed under light sedation controlled by the endoscopist with no involvement of anaesthetists, and these patients were not included in our study population. We need to know which level of periprocedural monitoring and care is better, and more hypothesis-generating observational data are needed. The results could inform a future randomized controlled trial, designed to assess at least two clinical questions that remain partly unanswered: which patients would benefit from airway protection with TI, and which level of periprocedural monitoring and support is optimal?
In conclusion, this study does not allow us to recommend a specific type of airway management during emergency OGD for peptic ulcer bleeding. The lack of difference in any subgroup may reflect a true lack of difference between the two exposures, but it may also be a result of residual confounding by the clinical assessments and decisions taken by the attending anaesthetist. Even if the study in itself is unlikely to change clinical practice immediately, it adds considerably to previous research results on the topic and can be used as a basis for potentially designing and conducting a randomized clinical trial.
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